With the great success of artificial intelligence (AI) technologies in pattern recognitions and signal processing, it is interesting to introduce AI technologies into wireless communication systems. Currently, most of studies are focused on applying AI technologies for solving old problems, e.g., wireless location accuracy and resource allocation optimization in wireless communication systems. However, It is important to distinguish new capabilities created by AI technologies and rethink wireless communication systems based on AI running schemes. Compared with conventional capabilities of wireless communication systems, three distinguished capabilities, i.e., the cognitive, learning and proactive capabilities are proposed for future AI wireless communication systems. Moreover, an intelligent vehicular communication system is configured to validate the cognitive capability based on AI clustering algorithm. Considering the revolutionary impact of AI technologies on the data, transmission and protocol architecture of wireless communication systems, the future challenges of AI wireless communication systems are analyzed. Driven by new distinguished capabilities of AI wireless communication systems, the new wireless communication theory and functions would indeed emerge in the next round of the wireless communications revolution.
II. CAPABILITIES OF AI WIRELESS COMMUNICATION SYSTEMS
A. AI Learning Algorithms AI learning algorithms are ripe for practical applications and great successes have been achieved in the topics of image processing and natural language processing. As a consequence, AI learning algorithms are also expected to apply for wireless communication systems. Based on application objectives, AI learning algorithms are categorized as the supervised and unsupervised, reinforcement learning algorithms.
◮ Supervised Learning Algorithm
Supervised learning algorithm is a type of AI algorithm in which the mapping function between the input and output can be inferred by the labeled training data. The labelled training data is composed of training pairs which include an input object and a desired output value. The supervised learning algorithm analyzes the training pairs and approximate the mapping function. Based on supervised learning algorithms, the predicted outputs can be inferred by the approximated mapping function and new inputs.
Classification algorithms, e.g., neural network algorithms are a type of supervised learning algorithm in which the program learns from the data input given to it and then uses this learning to classify new observations [13] .
The neural network is composed of a connection of neurons which can process the received signals with non-linear functions. Neurons have a threshold such that the signal is only sent if the aggregate signal crosses the given threshold. The connections between neurons are denoted as edges. Neurons and edges typically have a weight that adjusts as learning proceeds in neural network algorithms. Multiple neurons can form a layer and different layers can transform different outputs by configuring different weights and thresholds on neurons. In generally the signal can be passed through multiple layers with multiple times. Hence, the neural network algorithm is an iterated supervised learning algorithm in which the weights and thresholds are updated in every iteration process. Based on the supervised learning process of neural networks, the massive data of wireless transmissions can be used for data training in neural networks and then obtain the regular pattern of wireless transmissions.
◮ Unsupervised Learning Algorithm
Unsupervised learning algorithm is a type of AI algorithm in which the underlying structure of data is learned from the data. The data only includes the input without corresponding output values. Therefore, different inputs are utilized to find the relationship or underlying structure in the data. Clustering algorithms are a type of unsupervised learning algorithm which can be used for solving the clustering problem. The core idea of clustering algorithm is to group a set of objects in such a way that objects on the same cluster are more similar to each other than to those in other clusters [14] . The K-means algorithm is one of the simplest clustering algorithms. K-means algorithm is not only used for the data clustering but also used for adjusting the vehicular network topology. The cluster structure can be used for connecting with vehicles in vehicular communication systems.
◮ Reinforcement Learning Algorithm
Reinforcement learning algorithm is a type of algorithm in which the agent receives a delayed reward in the next time step to evaluate its previous action. In generally, the reinforcement learning algorithm includes two type of element, i.e., the agent and environment. The agent takes an action based on the initial stage of the environment.
Based on the agent action, the environment responds the next stage and reward back to the agent. Furthermore, the agent can update the learning process based on the reward from the environment and then decide the next step action. The iteration process keeps going on until the environment converges to a stationary stage. One of the typical reinforcement learning algorithms is the Q-learning algorithm which is used for solving the fair coexistence issue between long term evolution (LTE) and WiFi communication systems in unlicensed spectrum [15] .
B. Capabilities of AI Wireless Communication Systems
In the real world the mobility of terminals, the time-variant wireless channels and the random generated traffic lead the wireless communication system to a complex and dynamic system. The conventional management of wireless communication systems is based on the exact optimal mathematical models, i.e., utilizing the stationary analytical mathematical result to optimize a dynamical wireless communication system. This work model can achieve the local performance optimization but can not conduce to the global optimization in wireless communication systems. When 2) Learning Capability: The conventional wireless transmission process is mainly focused on the wireless link optimization, such as spectral and energy efficiency optimizations. The AI wireless transmission process is recognized as a learning process by AI algorithms. The encoding/decoding and modulating/demodulating are individually designed in conventional wireless communication systems. Moreover, the encoding/decoding and modulating/demodulating is optimized by wireless channel information, e.g., wireless channel state information (CSI). For AI wireless communication systems, the encoding/decoding and modulating/demodulating processes can be processed as different stages of a learning process. For example, the results of encoding 
III. SYSTEM MODEL OF INTELLIGENT VEHICULAR COMMUNICATIONS

A. Framework of intelligent Vehicular Communication Systems
Conventional vehicular communication systems are designed by an analytical mathematical model which can be optimized by several variables. However, the vehicular communication systems include the high-speed vehicle, the time-variant wireless channels and different application requirements in the real world. All of these factors lead the wireless network topology, wireless transmission capacity and quality of service (QoS) to be coupled each other. Hence, the real vehicular communication system is a complex time-variant system. In most cases, single mathematical model can not describe these complex time-variant relationships of vehicular communication systems. As a consequence, the AI technologies can be applied for vehicular communication systems to fit the complex changes among the wireless network topology, wireless transmission capacity and QoS.
A new intelligent vehicular communication system is illustrated in Fig. 2 . Fig. 2(a) 
B. Functions of Intelligent Vehicular Communication Systems
The logical framework of intelligent vehicular communication system is presented at Fig. 2(b) , which is composed with three logical layers, i.e., the data cognitive layer, the road side cognitive layer and the vehicle cognitive layer.
• The data cognitive layer is composed of CSCs and SDCs. The CSC provides the data and resources for requirements of vehicular communications. The SDC manages the resource allocation by AI technologies to proactively match the dynamically changes of wireless channels, vehicular network topology and QoS in intelligent vehicular communication systems.
• The road side cognitive layer is composed of RSUs and RUSCs. The RSUs take charge of the wireless accessing with vehicles and transmit/receive wireless signals. The RSUCs schedule the resource in adjacent
RSUs by AI algorithms to satisfy wireless transmission requirements between RSUs and vehicles.
• The vehicle cognitive layer is composed of vehicles. Vehicles on the street can be grouped to form clusters. Every cluster has a gateway vehicle which is associated with a RSU. Considering the mobility of vehicles, the gateway vehicle can be dynamically handed over vehicles in the cluster considering the wireless channel capacity between the gateway vehicle and the associated RSU. AI algorithms can be used to dynamically form the cluster considering vehicle numbers and road environments. 
B. AI Clustering Algorithm of vehicular networks
In this paper an AI typical clustering algorithm, e.g., the K-means algorithm, is adopted for forming the dynamic cluster structure in intelligent vehicular communication systems. The procedure of K-means algorithm is to distinguish objects into k centers. These centers should be placed in a cunning way because different locations cause different results. The better choice is to place them as much as possible far away from each other. The next step is to take each object belonging to a given data set and associate it to the nearest center. When no object is pending, the first step is completed and an early group age is done. At this stage k new centroids need to be calculated as the barycenter of the centers resulting from the previous steps. After k new centroids are obtained, a new binding has to be associated between the same data set and the nearest new center. The above process is iterated until k centers locations do not change any more.
Based on the locations of vehicles on the road, the vehicle cognitive layer is assumed to obtain the density of vehicles, length of straight streets and wireless communication coverage radius of every vehicle. The obtained vehicles and streets information are input for the K-means algorithm in the vehicle cognitive layer. The K-means algorithm continues to generate different number of clusters with different vehicles. The vehicle cognitive layer estimates whether the generated cluster structures, i.e., the number of clusters and the number of vehicles in every cluster and the gateways of every cluster, satisfy wireless linking conditions in intelligent vehicular communication systems. When the generated cluster structures satisfy the wireless linking conditions, the vehicle cognitive layer outputs the result of cluster structure to all vehicles on streets. The AI clustering algorithm flowchart is illustrated in Fig. 3 .
Based on the proposed AI clustering algorithm, we can evaluate the connection probability of intelligent vehicular communication systems. When the transmission distance threshold of vehicle is configured as R and the vehicle density on the road is ρ, the connection probability of vehicle V i is P = P (r i ≤ R) = 1 − e −ρR , where r i is the wireless communication coverage radius of vehicle V i . Based on the AI cluster structure, the gateway vehicle can cover all vehicles in the AI cluster. Assume that the gateway vehicle and other vehicles in the cluster have the same transmission distance threshold R. The transmission distance threshold of AI cluster is configured as 2R. There are n vehicles on the straight street and k clusters have been grouped by the K-means algorithm. Assumed that m vehicles have not been grouped into any clusters in the road. The cluster probability is q = k / n and the single vehicle probability is 1 − q. Hence, the connection probability of vehicular communication system on the straight 
V. CHALLENGES OF INTELLIGENT WIRELESS COMMUNICATION SYSTEMS
When the cognitive capability, e.g., the AI clustering scheme is adopted, the impact of vehicle mobility on the stability of vehicular network topology can be reduced and the connect probability of intelligent vehicular communication systems is improved. The cognitive, learning and proactive capabilities not only improve the 
